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(57) Ab.slract 

A patterned semiconductor wafer (60) is centered on a vacuum chuck (20) that is capable of being rapidly rotated about an a,xis 
nonnal to the wafer (60) surface. The vacuum holds the wafer (60) Hat to the chuck (20). As the chuck (20) is rotated, the wafer (60) 
rotates and tiie suttace of tlie wafer (60) i.s scanned (10) with an optical head (30). TJie output is fed through a signal line (47) of (he read 
head (30) and is compared to a reference tile in a processor (.50) or signal representing what a perfectly pattern wafer should look like. 
Differences between the reference standard and the patterned wafer (60) indicate Haws in the patterning. In the case of an unpattcmcd 
surface such as a wafer, glass substrate for a liquid crystal display, or a magnetic memory, the reference signal is a null signal and any 
signal from the read head (30) would signify a Maw in the unpattemed surface. 
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METHOD OF SCANNING 
SEMICONDUCTOR V7AFERS TO INSPECT FOR DEFECTS 

BACKGROUND OF THE INVENTION 

Semiconductor wafers must be scanned for 
5 defects both before any patterning is done and afcer 

patterning to identify sites with defects that would lead 
to a bad semiconductor device when the wafer is cut into 
chips. As semiconductor wafers become larger and pattern 
features become smaller, the problem of scanning becomes 

10 more difficult as the 4th power of the wafer diam.eter. 

Methods or srrategies for imiproved scanning for defects 
thus become increasingly important in keeping the cost of 
inspection in line wiuh rhe cost of patterning rhe wafers 
in rhe firs* place. In addition, rapid scanning of 

15 v;afers and similar devices makes in-process scanning and 

process control a reality. The present invention is a 
systems approach to scanning wafers that makes use of 
several existing technologies thar are used together in a 
unique way. 

2 0 SL^^-■APY OF THE INVENTION 

A semiconductor wafer is centered on a vacuum, 
chuck that is capable of being rapidly rotated about an 
axis normal to the v/afer surface. Once the vacuum holds 
the v/afer flat ro the chuck, the chuck is rorated and the 

25 surface scanned with an optical head that is the same as 

thar used to scan compac" disks (CD's) . The output of 
the read head is compared to a "golden standard" of v/hat 
a perfectly patterned v;afer should look like. 
Differences betv/een the golden standard and -che patterned 

30 v;afer indicate flaws in rhe pazrerning. fin rhe case of 

an unparrerned v/afer, the sr^nciard v/oulci shcv/ no signal 
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and any signal from the read head would signify a flaw in 
the virgin wafer) . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates the scanning apparatus of 
the present invention. 

Fig. 2 depicts the scanning apparatus of Fig. i 
incorporating a plurality of read heads. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The scanning apparatus 10 of the present 
invenrion is depicted in Fig. 1. The apparatus includes 
a rotating vacuurri chuck 20, an oprical read "head 30, a 
read head actuaror and arm 40 and a processor 50. 
Mounted to vacuun chuck 20 is a planar device 60 which is 
to scan and evaluate by scanning apparatus 10. In a 
preferred embodiment, planar device 60 is a semiconductor 
v/afer containing a plurality of semiconductor devices. 

The vacuum is supplied to the vacuum chuck 20 
through a commercially available rotary coupling. The 
vacuum chuck 20 is necessary because semiconductor v/afers 
60 are out of flar in the free state to a degree 
sufficient to prevent rapid scanning. Even so, there is 
sufficient unevenness in the wafer surface 60 to require 
use of an automatic focus sensor 31 built into the CD 
read head 30. This sensor would cause the read head to 
be correctly positioned above the wafer using active 
feedback to an actuator thus keeping the read head in 
best focus at all rimes during the scanning. 

As the patterning on the wafer 60 passes under 
the read head 30, variations in the m.aterials of the 
pattern will cause the amount of reflected light from the 
wafer 60 surface to vary and this variation v/ill be 
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detected by the read head 30. The output signal fron the 
read head 30 is output on signal line 47 to processor 50 
where it is compared with the golden standard. The 
rotating vacuum chuck 20 and the golden standard will be 
synchronized using a rotary encoder 25 on the rotating 
chuck 20. The output of rotary encoder 25 is input to 
processor 50 via signal line 27. The radial location of 
the CD read head 30 will be ascertained using a 
displacement or angular encoder 45 incorporated inro the 
actuator 40. The combination of the rotary encoder 25 
and lareral position encoder 45 permit the location on 
the surface 60 to be marched with the golden standard. 
This comparison between read head signal and golden 
standard v;ould be made continuously by processor 50 as 
the read head 30 scans the v/afer 60 from center to edge 
v/hile the wafer rotates. 

Another means for obtaining synchronization is 
to scan or image the flats and notches on semiconductor 
wafers 60 and correlating the position of the flats with 
the azimuthal or rotary encoder 25 reading. This then 
would be synchronized with the golden standard to ensure 
the patterning was correctly positioned relative to the 
flats and notches. 

While the wafer 60 is preferably well centered 
on the vacuum chuck 20, there will inevitably be small 
residual decanters. Since rhe pattern coincident with 
the axis of rotation will remain fixed as rhe chuck 20 
rotates, there is a means of locating the read head 30 
v;ith nhe axis of rotation to the lirndt of lareral 
resolution of the read head 30. As the read head 30 is 
scanned outv/ard from, the center of the wafer 60, the 
amiount of information to be com.pared v/ith the golden 
standard is small. In this time period of scanning near 
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the center of wafer 60, the residual decanter can be 
determined and the golden standard corrected to account 
for the once per revolution decentration or the lateral 
motion of the read head 30 actively controlled to match 
the noted residual decanter. 

Because the wafer 60 is scanned in a spiral 
manner just as a phonograph record or the CD, from center 
to edge, there will be a much higher rate of scanned 
inform.ation at the edge of the wafer 60 than the center. 
The following are rwo methods of dealing with this 
problem. First, rhe wafer 60 is rotated at irs fastest 
possible speed when it is being scanned near the center 
and slowed as scanning proceeds to the edge. Second, as 
depicted in Fig. 2, multiple read heads 30, 30^ 30'' can 
be used, each on their own lateral position actuator 40, 
40', 40". Near the center, there would only be room for 
one read head 30 v.^ithout interference. However, as the 
first read head 30 moves perhaps 20% of the way out from 
the center, a second read head 30' is m.oved in and scans 
in an interlaced manner v;ith respect no the firsr read 
head 30. As the heads 30, 30' move farther out, 
subsequent heads 30-' would be brought in to scan in 
parallel with the first two, etc. 

The present invention is not limited to the 
scanning of semiconductor wafers. The method and 
apparatus have similar applicability to unpatterned 
wafers and other nominally featureless, near planar 
surfaces such as computer hard drives, flat panel 
displays and the glass subs-rates for LCD screens and the 
like. Any large area, fla-, patterned surface could 
equally well be scanned by the approach of the present 
invention. 
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In addition, because the scanning process is 
rapid, the method can be used for in-process scanning and 
the results of the scanning used for process control. The 
scanning can be accomplished fast enough to permit near 
real time adjustment of patterning parameters to improve 
yields and correct defects. 

Another use of the process is to image the 
patterned wafer 60 or similar surface. By recording the 
outpur of the CD optical head 30 rather than just 
comparing it to the golden standard, a record can be 
produced of the surface 60 scanned. This image can then 
be used for diagnostic or other engineering purposes. 

A preferred embodiment of the method of the 
present invenrion is for rapidly scanning semiconductor 
v;afers 60 using a spiral scan such as is used on a 
phonograph or CD player. The method is faster than a 
raster scan because there is no starting and stopping of 
the motion. The m^ethod of the present invention can be 
used in connection v;ith the following: 

The use of a rotating vacuum chuck 30 to hold 
the semiconductor wafer 60 flat during scanning. 

The use of a CD player type read head 30 to 
scan the wafer 60. 

The use of a CD player read head automatic 
focus sensor 31 to keep the read head 30 correctly 
positioned vertically above the wafer 60 to maintain best 
focus. The sensor 31 output would drive an actuator 40 
to hold the read head 30 in the best focus position using 
closed loop feed back just as is done on CD players. 

The use of a rotary encoder 25 on the spinning 
vacuum chuck to encode the azimuthal position of the 
semiconductor v/afer 60 for the purposes of 
s'/nchronizat ion . 
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The use of a lateral position or angular 
encoder 40 to encode the radial position of the read head 
30 for the purposes of synchronization. 

The use of a golden standard for the comparison 
5 of the read head signal from the semiconductor wafer 60 

to the standard. Differences in the two signify a defect 
in the wafer. 

The use of variable rotary speed to even out 
the information variation from center to edge of the 
10 rotating v.-afer 60, running the speed faster when scanning 

near the cenrer of the wafer 60. 

The use of multiple read heads 30, 30*, 30'' to 
increase the speed at which a wafer 60 can be completely 
scanned for defects. 
15 The use of the signal comparison at the center. 

of the wafer 60 ro detect small residual decentrarion of 
the v/afer 60 from the axis of rotation of the vacuum 
chuck 20 and to correct for the residual decanter by 
modifying the golden standard appropriately or by 
20 controlling the lateral position of the read head 30 in 

synchronism with the chuck 20 rotation to remove the 
effect of the decanter. 

The use of the variation in the material 
properties of the patterned wafer 60 to vary the 
25 reflected lighr inno the CD player read head 30 and to 

use this signal as that to be compared by processor 50 
with a synthetic but perfect "golden standard" signal of 
the ideal patterned wafer. 

To use rhe same scheme to inspect unpatterned 
30 v;afers 60 by using the absence of signal from the read 

head 30 ro indicate no flav;s in the wafer 60. 
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To use this same scheme for the inspection of 
flat panel displays of LCD screens and other similar 
flat, patterned surfaces. 

To use the rapid scanning process to create 
5 images of the surfaces scanned by recording the results 

of the scan in a circular format to replicate the surface 
being scanned. The images would be exact replicas of the 
surface scanned. 

The use of rapid rotary scanning to provide in- 
10 process feedback for use in process control and for the 

inspection of virgin v/afers and flat surfaces to control 
polishing processes and contamination levels. 

Although the present invention has been 
described in relation to a particular embodiments 
15 thereof, many orher variations and modifications and 

other uses v;ill become apparent to those skilled in the 
art. It is preferred, therefore, that the present 
invention be limited not by the specific disclosure 
herein, but only by the appended claims. 
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What is claimed is: 

1. An apparatus for optically scanning a near 
planar surface comprising: 

a rotating vacuum chuck upon which the near 
planar surface is mounted; 

a read head disposed next to the near planar 
surface and generating an output signal representing a 
condition of the near planar surface; 

an actuator coupled to the read head and 
controlling the position of the read head relative rc the 
near planar surface; and 

a processor coupled to the read head, the 
processor comparing the output signal generated by the 
read head to a reference signal. 

2. An apparatus as set forth in claim 1, 
wherein the near planar surface is a semiconductor wafer, 
v/herein the reference signal represents a partem which 
should be formed on the semiconductor wafer and wherein 
the comparison by the processor identifies defects in the 
semiconductor wafer. 

3. An apparatus as set forth in claim 1, 
wherein the near planar surface is a magnetic memory, 
wherein the reference signal is a null signal and wherein 
the comparison by the processor identifies defects in the 
magnetic memory. 

4. An apparatus as set forth in claim 1, 
v;herein the near planar surface is a glass substrate for 
a Liquid Crystal Display (LCD), 'wherein the reference 
signal is a null signal and wherein the comparison by the 
processor identifies defects in rhe glass substrate. 
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5. An apparatus as set forth in claim 1, 
further comprising : 

a first encoder disposed next to the rotating 
vacuum chuck and coupled to the processor, the first 
5 encoder generating a first encoder signal representative 

of a position of the near planar surface; and 

a second encoder coupled to the actuator and 
coupled to the processor, the second encoder generating a 
second encoder signal representative of a position of the 
10 read head, wherein the processor compares the first and 

second encoder signals to synchronize the scanning of the 
near planar surface. 

6. An apparatus as set forth in claim 1, 
further comprising : 

at least one additional read head disposed next 
to the near planar surface and generating an additional 
5 output signal representing a condition of the near planar 

surface at a second location, the at least one additional 
read head being coupled to the processor; and 

at least one additional actuator coupled to the 
at least one additional read head and controlling the 
10 position of the at least one additional read head 

relative to the near planar surface, v/herein the 
processor compares the output signal generated by the 
read head and the additional output signal generated by 
the at least one additional read head to the reference 
15 signal. 

7. An apparatus as recited in claim 1, 
further comprising : 
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an automatic focus sensor coupled to the read 
head and coupled to the actuator, the automatic focus 
5 sensor generating a control signal used by the actuator 

to automatically position the read head in a proper focus 
position. 

8- A method for optically scanning a near 
planar surface comprising : 

mounting the near planar surface to a vacuum 

chuck ; 

rotating the vacuum chuck; 

optically scanning the near planar surface 
using a read head and generating an ourpur signal 
representing a condition of the near planar surface; 

conrroliing rhe position of the read head 
relative ro the near planar surface with an actuator; and 

comparing the output signal generated by the 
read head to a reference signal to identify defects in 
the hear planar surface. 

9. A method for optically scanning a near 
planar surface as set forth in claim 8, further 
comprising: 

synchronizing the rotation of the vacuum chuck 
with the optical scanning of the near planar surface. 

10. A method for optically scanning a near 
planar surface as set forth in claim 8, further 
comprising : 

rotating the vacuum chuck at a faster rate when 
the read head is positioned near a center of the near 
5 planar surface, and rotating the vacuum chuck at a slower 
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rate when the read head is positioned near an edge of the 
near planar surface. 

11. A method for optically scanning a near 
planar surface as set forth in claim S, further 
comprising : 

determining an amount by which the near planar 
surface is decentered on the vacuum chuck. 

12. A method for optically scanning a near 
planar surface as set forth in claim 11, further 
comprising : 

altering the reference signal to account for 
the dererm.ined amount of decentering. 

13. A method for optically scanning a near 
planar surface as set forth in claim 11, further 
comprising : 

controlling the position of the read head to 
account for the determined amount of decentering. 

14. A method for optically scanning a near 
planar surface as set forth in claim 11, wherein the 
amount of decentering is determined by comparing the 
output signal generated by the read head to the reference 
signal . 

15. A method for optically scanning a near 
planar surface as set forth in claim 3, v/herein the near 
planar surface is unpatterned and the reference signal is 
a null signal. 



BNSDOCrD; <WO 9a37404A1J_> 



wo 98/37404 



PCm'S98/03239 



- 12 - 



16. A method for optically scanning a near 
planar surface as set forth in claim 15, wherein the near 
planar surface is a glass substrate for a Liquid Crystal 
Display (LCD) . 

17. " A method for optically scanning a near 
planar surface as set forth in claim 15, wherein the near 
planar surface is a magnetic memory. 

IS, A method for optically scanning a 
semiconduc uor wafer comprising: 

mounting the semiconductor wafer to a vacuum 

chuck ; 

rotating the vacuum chuck; 

optically scanning the semiconductor wafer 
using a read head and generating an output signal 
representing a condition of the semiconductor wafers- 
controlling the position of the read head 
relative to the semiconductor wafer with an actuator; and 

comparing the output signal generated by the 
read head to a reference signal to identify defects in 
the semiconductor wafer. 
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